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(57) Abstract: A process for efficiently and economically producing a lactosyl glycoside and an N-acetyllactsaminyl glycoside, 
which arc useful as foods, functional food materials, drugs and reagents, by using a transfer reaction represented by the following 
general formula in the presence of an enzyme having an activity of cleaving a 0 1,4 glycosyl bond: LacA-X + Y — ♦ LacA-Y + X 
wherein Lac A represents lactose or N-acetyllactosamine; X represents hydrogen (H), a saccharide, a glycoconjugate or a phenolic 
compound; and Y represents a compound having alcoholic hydroxy or phenolic hydroxy. 
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5 mm&& 

10 

tot-yn^, 7* # ^ 'J f^, -tf ^ ^ 'T^oio J: * 1 o 

20 ^^iJII^gUeilSo ^'o^'m, 7 ■? YJr^ #> -y'V t^©3o!l 

:ro?'n->/Vt7; Kti, Gal/3 1 - 4Glca.= y K -f *C fc> *> :? ? k- 
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5 -S 0 

(2-0-a-D-GlucosylglyceroK (2R)-l-0- a -D-Glucosylglyceroh fccfctf 
(2S)-l-0-a-D-Glucosylglycerol) &^<D7<^$jK#*Q<bft-Cl*.5 0 #7* 

h—*(Dmm&tLxn. ^^firLt, ^y-t? y/u#7* b-> k 

15 (l-0-/3-D-Galactosylglycerol) /^^Tt^o £ 7c , N-7-fef^7 

.7 ^ =./V%imfct LTIi, (0-/3 -D-Galactopyranosyl- (l-»3) -0-/3 -D- 
2-Acetylamino-2-deoxyl-Glucopyranosyl- (1— >2)-Glycerin) tf^^E/^^RHr 

_hfE£)IE#f *£ct) 5 % y ]} -fe y ?>v zn is k , 7* y i? y # 7 * H -> K t£ 

W^^y-trnJifllK^^^i- LTttiffc^ ^y -fen^IgKfi^ 
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as£$rc*>3±, I'J^M^cdi^^ (@^^«offl^) ig^Mt^tS. $ 

^ai/y- ifSrffll/^^ifes ^> K 7'^ = tf if 

$£Mi*^iixar;/ yy-t ^ffli^^'Si Lt, D. H. a 

v^T-yir (D. H. Joziasse) 6 Eur. J. Biochem. , II 9 it, |75~ 
8 31 ( 1 9 9 0) Slit, — - V y -v- = v- if £. fz It = '> h v > * 

y 7° £ tT f> & £ d*» «9 , «JfC & 5 h i ^ # *> £ c 

if &ffl^5*fts=f£K/&£ LT, R. B. h !i At'/U 
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(R. B. Trimble) h J. Biol. Chem. . i26 2 0 0 0-1 20 

0 51 ( 1 9 8 6) (Hi, V $ A • > zl> =f±zf?-1jj* (Flav 

obacteriura meningosepticuni) S 5fc<7>oL > K — /3 — N — Tir ^ 
If 5:ffl^S^&dS|E<fe$ixTl^So R. M. /<— f- /V* (R. M. Ba 
5 rdales) £ J. Biol. Chem. , 12 6 4^, II 9 8 9 3- 1 9 8 9 71 
( 1 9 8 9) !;iif^yn^7*X • cj-t-x (Diprococcus pneumoni 
ae) &&<D^> K- a -N-Tir^A K 5 = ? — if ^ § ^fe^s 
ISttcFil-C^So &e>lC ^^¥5- 6 4 5 9 4^-^1:1^ 

' h*.^ ^ (Arthrobacter protophormiae) fa$£(D3L> K— /3 — 

Rj&aSfE*t£ftTV>5 0 K. ir-^^- h (K. Yamamoto) h Biochem. 

Biophys. Res. Commun. , 12 0 3^, 12 4 4-2 5 21 (1 994) \Z. 

txvi)^ (Mucor hiemalis) &3k<D^> K- 0 — Tir^/l-^" 

15 ti¥l 0- 2 4 5 4 0 2f^ii:it ^> K- 0 -N-7tf/^;V3 
^=-^— tf&JB^fc (Man) 6 -GlcNAc<Z)*R^S^3& s iS«fc$n, #i?l 0 
- 3 3 1 9 4^-&mzn. "7? h-N- t^v^'— if Srffit^fcGalfl l-3Glc 

20 Tt^is, 7* h— 7ifciiN-7tf/i'7^ h-b-5: >£3£#$i*-/i#!l(i:: 
25 3gW<DW^ 
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5£ : 

LacA-X + Y-» LacA-Y + X 

(5t=K La cA(i7^ b-^tfcliN-Tt^?^ ht^y?r > XHtK 
£ (H) . *SH, «^«K, YteT^-/^ 

/l'7:> Mr 5 — K (0-/3-D-Galactopyranosyl-(l-»4)-0-j3-D-2-Acetylamin 
o-2-deoxyl-Glucopyranosyl-( 1—^1) -Glycerin.) (3lK"t"^c 
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W, 1 Mit, La c - p N P C 7 h vvuScofl|fl^StT.'U=i— /l— -CD^^S 

f§4llt3. La c-pNP©7^ hy/ul©, 7 5 / ^(Dte^SJ£;5r^ 

10 i§6HHi, La c-pNPi7)7^ Fv/H©, L — > I — /u^-<75$s^Jx 

^ 7 Hfi N Lac NA c - p N P cDN - 7 ir^/^T :^ ht; —yl^czx J§| 

15 ii^ov h/77^-Tfc-5c 

LacA — X -r Y —* LacA-Y-X 



WO 01/14575 




PCT/JPOO/05576 



mm) 

«t<, j3i, 4?^ = isji'i&&wmm&&m^zmm&!km-tz'tik£.M. ^ 

>MO#!l<t LTIi, ^>'7* (Bacillus) JR. t^tVUt (Ce 

llvibrio) JR, ir A- u ^£ -7- .X (Cel lulomonas) JR X i/=L— K-=E--^^ (Pseudo 
raonas) JP,, ^/tfnif-< h77~f (Sporocytophaga) JR. 7t7^t'7°!J 
15 (Acetivibrio) 1, :?D7H)> : 7i (Clostridium) JR. ^^"rU^ 

K (Bactericides) JSL h U^^-r (Treponema) JR, /^ 5; / *y 77 X (Rum 
inococcus) R& £f# 5 ^l"f h fto 0 

*#;ffi^#>Ji: LTti, #Jx.li\ 7;^-7 (Humicola) JR, h U nf>^ 
(Tricoderma) I, n ir >-#i* (Myrothecium) JR. TT-^'i^'^-x (A 

20 spergillus) JR N (Irpex) JR, ^'>!)7i (Penici Ilium) JR, 

^y^TU^ (Pellicularia) JRft ^JRI" 3»±fetfS2g{f (bft5 0 

Sfc&®<D0)J£ LTI±, ^h^hWt7 (Streptomyces) Ms f— ^7 
(Thermonospola) JSi-JRi - 5fi££4^W ft 5 0 

25 (t£4-tt0 

— LacA-X t«$^7 ? h-^S/ciiN-T-tr^/W^ !? h 
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5 Tfi. 7^ h-7^/:!±N-7t^yP7^ ht $ >^ - ^>n-> L 
^ 7 h — ^JMfc&tJ^'Xfi, N-T1r^/^7 ^@i-5-ft<n&&ffi 

ssc, 7B*r*?v$> % mmn&mfhiriZc snatu *7 4> 
io ^iWif^K, y^iii©M^-efc5t7 5 K&svMi 

3b\ L a cA-X#7* K — ^*tliN-7tf^7 7 h "7" 5 

20 

9 7 h-^JfcUN-Ttf/V?^ h-7" 5 yrotf^fcoYi: Ltlt 
25 7 7 h — ^*7ciiN-Tir^T 7 ht$^^Tfc5 7^ = -/H4 
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— U7/^- /i^t LTI1, y^y — /K ^yy— /K zf*.'— /K 

15 ft^ft&k^-C-ifcSo 

^iK^R^ic, y>h-/^ i^>^D-^^^c7)^tllit^W-r5fll 

20 mailt, ir^>, x u t-Wll?rMt5^7^ K^ilfl&f > & 

25 h ^- y =f*f x y p =7* x h V ?>=fJrJr V =fi&, -Vnt!J =f*S& 

if <E>SS*&BSiitf>tf- 'J =/*S, h * V =f v/u^ y u — x , 777htU =f*f % 
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^-y^*s, b-y-^x-v -*>s*v *ig§, T/^ysitDn 



(7* h'>/W*fettN-T-fe^7^ hi*" 5 =/HE;£R£) 

7? b^'l'&tzteN-T^^/U?? h-y-^—/is&-$-i$:b, 0-1, 4 
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ilp H± 2U&<n%imx*?rt>tiZ 0 :w < t9'ipHMii:i±, Hall^ffli^ 
.0iJt::lEJ£&*Uci\, 

m&m i 

15 ^fttLT, p--hD7i = /l/-3-D-7^ I->K (CUT, Lac-p 

(T. reesei) & 5fe(7)ir /U7 — tf (t&?n3£l£$!J) *rfflv^t e 
20 1 Omg ^U'iiiioO/i 1 ( 2 0 mM^gMlffj^ ( P H 5 . 0) 

\z. , 4. 65mg/mlWLac-pNPH00/i K #3tT A 
^—)V%: 1 20m K O. 2Mft&&9r& (pH 5. 5) ^30k 1 flQ*., 
£i:£4 0 0 u 1 t L7z 0 #*KfStt4 0°C-efTl \ iE^SJ^JiS^WtwS 

25 — : 7K= 6 0 : 3 5 : 8) -?5£ISL/c 0 TLCI±^^7&|[©7^^ 

-^Ay- h "> V *y>6 O /Kieselgur F 2 5 4 7"Un- h£fflWc c 
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j&gz&m 1 lZ7jk-f 0 [g]tp x Ri±7^ h-^ (Lac) tLac-pNPC 
fl-g-fK Sr* L , 7^h — ^cDRfiiS(0. 13) liLa c-pNPWR ft 
(0. 4 3) £9/h£V\ S<iKJEi££r, B{i^7^^^jft*-rSc 

5 fc:fc\ y'^>yii, 8MS<E>tt:b"9 lC*&^!JD L TSiE 5c El 

lic&i^T. (Dfi^c^y— yu % (2)11^;?;-/^ (3)(i— (4) 

it^y ,V-^, (5)(1^ y^nz-v/ — /l^*5«tTJ«(6){4 t -^'f/l7/^-;L 

10 * (Lac) $ f)i:(l)-(6)©^ti ; e'ii©II«t5 7A 

^/i^y hv K (^rn^iXs ^J-sisy? b > b'\ :/^>i^y h > K\ 
^7 nyF\ ^-y =f-)V=7? h-> K\ y^n tVu^ y h-> K\ fcctU^t- 
^n->F) ^«cLT^7t 0 EP*> % (l)~(6)(Dt^TO^«T:\ 
La c-pNPC0^y h ^/US/5^B^T/W = -/KD7K^£(c^^$tLT, 

15 T^^,^^y h^> K^4^LTt^I t^5t^.^n/!i c (2)^y'^A 
77 hv KCO R f fjg ( 0 . 3 8) M6)»t- y^/^ nv R f fit 
(0. 4 5) (i, L a c - p N PcOR f fit (0. 43) ti5:^-otz(DX\ Wl 
KDTLCCfcl^, (2) t (6) — L a c - p N P t ESU# £ ti\Z 

< *>>of- 0 

20 

HJ{I#!|2 

i y— ^srv y v—^^nwt Ltz i><o ((D) i:o^t, 

1 7, 0 0 0 r pnu 1 0 ftiD&.tsfrf&i&m&'m \ i:?|^#fc 0 ±fff£r^ 
Y 3^-/UHW- 4 0 S yy^il^7 ^ A y avh^77^- (<t> 2. 
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5 x 8 0 c m) i:a-KL, 2 5%^ 7 -^7kmm&m% tLT, ^£32 1 . 
Oml/^t, 1 Om Mo v ^lLfc c . I^ttlii, 2 1 0 n m*3«fc 1/ 3 0 0 
nm<DUV©J|X % T 7 ^/ — /U-«SiKfet-«t oHfe (4 8 5 nm) ^M^Z 

5 u-hLTftBLfc. 

5lH4^ 1 Oml^^no : * ? 7 — yU : zk = 5 0 : 4 5 : 1 0 iZ 

— -C*^St • L7C 0 7 c □ * /L-i. : * ? 7 - .'U :7k- 5 0 : 4 5 : 1 0^: 
SPB$£8I £ L, cfciS 2 . Oml /ftX~mWi U 10ml oo, L7t 0 $ 
10 tfclli, 2 1 0 nm*5irj?3 0 0 nm©UVW. 7 a / — /i—«itgg&K:«fc 3 
(4 8 5 nm) 4-iP.0^i~o rtlwj;^ ?To7i 0 11- 

#<bix7*:S£@&K^— SBfcO. 3 m 1 cD^^Tkii^ILT, ff:b v ffFAB 

15 NMR^tff^ToTc,, 1 H-NMRc7)^m^H2^, FAB/MAS^gl 

^m3iC-^-r o -£ti, !2I2, 3 iC^fS 'H-NMRjoctl^F AB /MA 

'H-NMR (2 7 0MHz, D 2 Oj : 6 4. 50 (d, /7.9Hz, H-D.4.45 
(d, / 7. 7 Hz, H-r>. 2. 30 'dd, K-2). 1. 24(-_, H- p ) ". 
20 FAB/MAS : (m/z) =371 (C J4 H 26 N0 u +H) \ (m/z)=393(C 14 H a6 N0 11 +Na)% 

HO^ H OH 
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mmm3 

S^SrO. 5ra g> Lac-pNP^O. 94mg, t!J>^50mg*fc 
5 U^-->?r i 5mg^tP, 1 5mMW|jffi (pH5. 0) 4 0 0 ^ 

: y * /— /> : 7K = 5 0 : 4 5 : 1 OT^o^ 

E4{C*3t^T, RliLacHac-pNP©?!^ SIMI, B Ji 
10 7/'t> ^^^-To (7)iiiry> % (8)tt* L/^-^> Ltzt 

"CfeSc (7)*5j;t5(8)^SJC&«»-*5V^T, !SLac-pNPI«L, 

t U A? ^ h v K l/t=^7 ^ h -> K©R f illi^tLf il, 0. 2 7, 
0. 2 9t*S)"!) < 7^h-^©Rfi (0. 3 4 ) tifiV^&l;^ ± ]} ;V=7 

HJ60U4 

i?rO. 5mg, La c-pNP^O. 94mg, ^n- *i fcti-e^y 
-^^^nftlTOmg^tf, 1 5mMStW tpH5. 0) 4 0 0^ 
4 0°C, 2 4B#raKJfc£-£7ie RJ&gL HIM 1 1 133 «H T L 

25 A:.^;-^:*=5 0 : 4 5 : lOTfcofce 

ISI 5 tw*5V^-C^ RliLaciLac-pNP©SM, S B 11 
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^^Sr^-fo Om^/i^-^ (10) — h Ltzt # 

OSe*-e*>5 0 (9)*3<tU ! (10)WR^?R{^*5V^T, SfLa c-pNPlii 
tic L , ^H^ti, Vtv = WW 7 ^ h K £ 1/ J ->/i> 7 7 b -> K t L X 

5 0.2 4,0.2 STfcD, 7^7 h — ^ (Lac) COR f ft (0. 34) «fc 

ft*3, BI5{^*5V^T, L a c - p N P t L a c OBC/<y b'frhZtiK 
(9)11^^3-^ (G 1 u) N (10){i^>/— 7 (Man) "CfcofCo 

10 0U£fS|) 5 

i>(D&@.m Ltz a fcfcmt LT, S#*?r 1 m g , Lac-pNP^lmg, 

15 tf x 1 5 mMmmmmm (phs. o) 4ooh &mm l . 4 or, 24 

£IU 6 (I^-To &*3, SM^ttEd :7 p D : ^ ^ / — : tK= 6 5 : 

3 5:4 -CfcoTto 

H! 6 II *s^T , R!iL a c Ha c — p N P S iiR^i, B it 

20 7'7 > ? La c - p N P {SiBSc L, L - * > h JJ ^7 K 

(L a c V ^4Ctib^ (R f WO. 6 2) , 7 7 b — 7 (R 

fffiO. 13) irEgiJ^nfio L-^lD/^nv'KW^yHl 
RflO. 8 1^)3-^^11 nc^e>j5>^R^^fiSc4&i:%x.t>ix5o 

25 HJSt&J 6 
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N-Tir^vi^ ~ >f£^-ft:i: LT> p — — h n 7x-/u- /3 — N — 

^ MJ- ^ > (^IT, LacNAc-pNPil^) Srffll ^7i 0 R 
^iHT, 0. 94mg, N - T-fc^vl^ ? 5; > (^T, Lac NA 

HI 2 0 /i 1 , g#?Sf hLt, h U ^-r^-v • y — tf-r (I. reesei) &%<D 
^)V=7—M {^M^mW £0. 5mg^if4 00 y 1 W 1 5 mMSM 
(pH5. 0) SrfBSSiL, 4 0°C, 2 4 B#iajKJE£-£7!: e H5£ 
All ^tlCTLC^V^TM Lfc 0 ^m^Hrn^-To **5, IHM 
10 11, ^ C2 axh/WA : y ^ /— A : tR= 5 0 : 4 0 : 5 0-efco7t 0 

Hl7il*D^T, RliLa cNAcJb'iVLa cNAc-pNP^, Bli^ 
7>* ?r^i- c SSL a c NA c-pNP (R f = 0. 56) li*8«L % L 
acNAc (Rffi=0. 3 0 ) , *5 ctU^ft]-C^£*l6 R f ffi= 0 . 38, 
0. 4 6*5«tt/0. 5 6(Dm^^tf -y btfmtl. ^ttl^tl, t^JlsN-T 
15 tf^7 ^ 5 — r (1) % xf/UN-7t^7^ M^5= K (2) *3 

iI>'7°D f>N - Ttf ^7 :^ h f ^ K (3) td*f LT Wc„ r<7>5*> % 
/PN-7irf ^7 y (2) do^TJi, (Carbiochem 

&D t TLCO^y has— ifeLTto 

20 HM#>J 7 

7 ? h — * 1 OOmg, 17 0^1 > / — * cD4§^(2 75m 
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g) , m^t LT h V a-rvU-v • y — if-T (T. r e e s e i ) &^<D±;U 
=7— fef (i&?P^§£M) £ 2 5 m g^tf 6 5 On 1 CD 1 0 mMfmSffiifc ( P 
H5. 0) £|»KU 4 0°C, 4 8 B#raRfS£-tffc 0 TLC« 
Lfc 0 *tm*EI8 (1) - (7) Jd^-T, m*P. Sl±E.J&m, Bte7*7>7 
5 £r^i\ £7t, mf%m%tes 7 n : 7- 9 / —/l> : tK= 6 0:3 5: 

8 T**>5 0 

^SJ^if^t i>&&<DX#v Y ftmfr hfrtz.fr "7 ? b-X (Lac) OR f 
^=0. 2 9(C^Lt, ^EHT^-TR 0 . 4 5, 0. 52, 0. 54, 

0. 62, 0. 65, 0. 68, 0. 6 9 Off L 1 ^ *° y h #jLtti $ tvfc 0 
10 -^n^tLCO^ y h J&»6 , ^-A -7 ^ h > K (1) , xf/^^ 
( 2 ) , y o tVu^ 7 h \/ K ( 3 ) , -f^/vy 7 h > K ( 4 ) , — 
* hvK (5) , ■*7^>v=7 7 h->K (6) , K7=~v^7^ h "> K (7) O 

^/i, 7 7 V — *(DR f ft= 0 . 3 6 .dipt LT, Rffi=0. 5 3, 0. 
15 2 9 (MHI^££ LT^ n n^/Ui, : ^ 7 7 — >V :*= 5 0 : 4 5 : 1 0) 

Off Ll^tfy bfr^tH^tl (EI 8 (8) ~ (9) ) , ^nfll7y^7^ 
h->K (8) , -?>/~>;]/7 7 hvK (9) ©£*jJtrt^i&$ftfco WT, -r 

20 7-1. xf/^nyp (2) 

^^vU^h->K (2) COT L Ccnx^V Mi, 1 {1*5 5 L a c 

- p N P t x ^ / ^ ©fe^^4«lMn B n L>^£t®J) <b-ffcL 

MAS, 1 H — NMR , fcJ:^ 1 3 C-NMR(IT^tffLfi^^:^J^Tid^-ro 
25 FAB /MA S : (m/z) =371 (C 14 H 26 N0„+H) \ (m/z) =393 (C 14 H 26 N0 n +Na) * ; 

1 H — NM R (2 7 0MHz, D 2 0) : S4.50(d, /7.9Hz, H-D.4.45 
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(d, 7 7.7Hz, H-D.3. 30(dd,H-2). 1.24(t, H- 0 ) ; 

13 C-NMR (2 7 0MHz, D 2 0) : 17. 1 (C- $ ) , 62.9 (C-6) , 63. 
8 (C-6'), 69.0(04'), 71.4 (C-ah 73.8 (02'), 75.4 (C-3'h 75.6 (C- 
2), 77.3 (03), 77.6 (05) , 78.2 (C-5'h 81.3 (C-4) , 104.5 (Ol), 10 
5 5.7 (C-D. 

7-2 ^'^yU^^h->K (4) , h->K (5) , -*r?^->v^t 

10 hvK ( 6 ) 

-?^>\s=7? h*>K (4) , ^^-^^ hv-K (5) , t^f/U7^ 
K (6) Co^Ttllfj 1 -e»b;h,fc, Lac-pNPi»5§Ki 

Mir, h->K (6) ^S^ti55JSft^pffl©->y * 

15 fjVij^J* (4> 2> 5 Ocm) C^lt, IttirLT, ^nnj};;^ : >^ 

/— ./P : 7k=6 0 : 2 5 : 4£rfflV\ dfo£2. Oml/^SUlLfc, 10 

m i /yn^^ ^ x*ftw&m\ fcfc^f&yo&y j — >\>-m.Wc&\z.&%> 

3§fe (4 8 5 nm) "Cf&tti L/i 0 T7 ^ a >N o. 2 1- 28 SrSHXL, 

20 u-7 h^77^-Cj:fj 9 9%jm±-e*>5 

#f>tLf;^^-^^ FAB /MA S HT, 1 H - NMR , 13 C 
— NMRCTM L tz 0 ^I^WTi^to 

FAB/MAS : (m/z)=455 (C 20 H 38 N0 n + H ) \ (m/z.) =477 (C 20 H 38 N0 u + 
Na) + ; 

25 1 H — NMR (2 7 0MHz, D,0) : 6 4.48 (d, J8. 0Hz, H-l) ,4.45 
(d, /7.7Hz, H-l') ,3.31 (dd, H-2) , 1.63(m, H- j3 ) , 1. 36 (m, H-y),1.29 



WO 01/14575 
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(m, H- 6 - 7j ), 0. 87 (t, H- 0 ) ; 

13 C-NMR (2 7 0MHz, D 2 0) : 16. 2 (C- 0 K 24.8 (C-tj), 27. 
8 (C- 7 h 31.2 (C-6), 31.2 (C- e ) % 31.5 CC- 0 ) , 33.9 (C- £ ) , 63.0 
(C-6h 63.8 (C-6'K 71.4 (C-4'K 73.6 (C-cth 73.8 (C-2'), 75.4 (O 
5 3'), 75.7 (C-2K 77.3 (C-3.) , 77.6 (C-5) , 78.2 (C-5'K 81.3 (C-4h 10 

4.8 (C-l), 105.7 (C-D e 
W±«fc«5, (6) fi, UAT<^«3£5£ (III) t^^Jt^;^ 




(III) 



7-3 Kf*>/>7 ^ K (7) 

15 Kf->A-7^ r->K (7) i:.g;b;ft,3Sf£ifc&, Chromato 

rex-ODS DM1020T5rffi V ^TtODSTJ 7 ^ U 3. 5 x 6 O cm) f^ttTto .* y 
A CD 5 fem<D 6 5 % ^ * y — iv -?$c&& , 7 5%>^7 - A- 2 . 5 m 

1 /'£>) T'^ttJLfCo 3 0ml/?7^'>3^I%ftl\ SJ££J&^£ 
77 =. J —/v-W&C&iZ. ct ( 4 8 5 n m) T-^i±3 77? -> 2 > N 

20 o. 17~2 3^01RL, LtgJS*^fe^ 5 m g Irtlfco *«?atf> 

MgtiTLC, SO«fr7CT h^T^-f— (w«t V 9 9%K1T'©5:^ 

# ^ il Sit (T'-^i ^ F A B , • 'M A S i: T , i^'H-NMR, !3 C 

25 FAB /MAS : (m/z.'=511 (C :4 H 4e NO u -f H) \ (m/z;=533 (C 24 H 46 N0 n 4- 

Na) + ; 
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'H-NMR ( 2 7 0 MH z , D 2 0) : 6 4. 23 (c, J 8. 0Hz, H-l) v 4. 4 
5 (d, /7.3Hz, H-l') , 3.19 (dd, H-2) , 1.57 (m.H-,3), 1. 33(m, H- y 
), 1.24 (m, H- 8 ~ A) % 0. 85 ( t , H-ju ) ; 

1 3 C-NMR (2 7 0MHz, D 2 0) : 14. 4 (O u ) . 23. 7 (C- X ) , 27. 
5 1 (C- 7), 30. 5 (C- 6h 30.5 (C- £ ) , 30.6 (C- 0 ) , 30.8 (C- C ) * 30.8 

(C-tj), 30.8 (C-0), 30.8 (C-rh 33.1 (C- k ) , 61.9 (C-6) , 62.5 (O 
6'), 70.3(04'). 71.0 (Oah 72.6 (C-2*) , 74.8 (C-3'h 74.8 (C-2) , 7 
6.4 (C-3.K 76.5 (C-5), 77.1 (C-5') , 80.7 (C-4) , 104.3 (C-l) . 105.1 
(C-l')o 

10 U±X<0, (7) WTO«ifiiC:(IV)T^$ix« h 

v-K (7) -C*)Sz:i:*sfl|SStLfc. 
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(IV) 

7-4 -v > y y/^ * F y K ( 8 ) 
(Hira^J 8 ) 

* (N-7tf;U7^ Mr5>^^) KiC£*To;fc 0 

LTN-7tf/U7 ^ MJ"S ^ (La cNAc) 2rfflV\ 
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#17 tm^nxRst^n^tz a m9iz.^^^-r a m*. ste&fcm*. b 

La cNAcWR f 11=0. 2 ^Ep-C^i - , Rfl=0. 36, 

5 0. 4 0. 0. 4 5 (mmm&t LX? p o*./Ui, : ^ * ./— A- : 7k = 6 

0:35:8) CO^f L V ^ # y h <£ "9 , rMn>f^N-7tf^7^ 
h-^^-K (1) , ? Hif 5 — K (2) . t>N 

-7tf ^7 7 ht-;- K (3) W±£fe;6^P£ £ n/i (19 ( 1 ) ~ 
(3) ) 0 

10 LacNAc©Rff=0. 5 8 ;i*f LT, RII=0. 3 (MM 

U 7 n nsftA-A : ^ ? /— yU : tK= 5 0 = 4 5:1 0.) CDffi LV^ 
3KyH:J:5, v> /y;PN-7tf^7? ht^K (4) 
$tL7t (0 9 (4) ) 0 

15 8-1 ^^/^N-T-tr^/u^ 7 = K (2.) cOtHitiftfS 

xf/i'N-7tf;i7n+^-K (2) ^r^tf irS^n^S^^HUtti 
<7» y 7j y'/U* v A ( 0 2 > 4 0 c m) (CItWt, mm&k LX , ? u 
\U : ^ 9 t )V : tR= 5 0:4 5: 1 0&j=Bl\ oft 34 2 . 0 m 1 /^"C^fctJ 
L7c 0 5 m 1 / -7=7 ? 3 v-- / T>ilj*-?Tt\ ^fc±*$.W}*-7 =. ./ - ^-Sf L ^ 
20 &l:i5 5lfe (.18 5nm) TiffiLfc. 77^va>No. 1 1-14* 

Tfimfc 7n7F7'77^-l:J;'')9 9 %£l±Xh %Z.b SrflfciS LtZc 

'&btl1ti&tikVB<D—M&F AB /MAS [IT, t^'H-NMR, 13 C 
-NMR;:tMU: c ^*«T!:*t £ 
25 FAB /MAS : (m/z)=411 (C I6 H 29 N0 n + H) \ >m/z) =433 (C 16 H 29 N0 n + 

Na) + ; 
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'H-NMR ( 2 7 0MHz, D 2 0) : 6 4.53 (d, /5.6Hz, H-l) ,4.4 
5 (d, 7 7.9Hz, H-l') , 2.02 (s, C0CH 3 ) , 1.24(t,H-0) ; 

13 C-NMR (2 7 0MHz, D 2 0) : 6 17. 1 (C- j3 h 24. 9 (NHCOCH 
,) , 57.9 (C-2) , 62.9 (C-6>, 63.8 (C-6'h 69.1 (C-4') , 71.4 (Oah 
5 73.8 (C-2'), 74.9 (C-3'K 75. 3(C-3K 77.6 (C-5') , 78.2 (05>, 81.3 (C 

-4), 103. 4CC-1), 105.7 (C-1'K 177. 6 (NHCOCH 3 ) 0 



10 




(V) 



8-2 > y -> A N — Tir ^ A 7^ F+;-K ( 4 ) <7>#|j£5fiB 
15 vy;->;vN-7tf/V7.nt^F (4) Sr^tf > gfc>;h, 

^ovh^77fflgtt^I (fnTfe^M) &JBv^7SH4&-&9A ( «f> 2 . 5 
X2 5cm) HU5»lj\ in/*- * J — ^mW.<D ]} =-T "7 i>>^> h (0—3 
0 % ; 2 L) CJ;^ ^ 1 . 5ml /d^Mlti L7c 0 1 5ml/77^-> 
a ^-?#li£fTV\ SJ^^JSJtttSr^ai/— A-fifLffc&fZ J; 53Sfe (4 8 5 n 
20 m) -C^mL^o 7 7 7^^>3>No. 8O~lO2lr0lKL, MiLT 

^ixfifMg&JO— §B£F AB/MASIIT, H^'H-NMR, 13 C 
-NMRIIT##f L7c 0 ^^Ti^i". 
25 FAB/MAS : (m/z)=546 (C 24 H 46 N0 n + H) \ (ra/z)=568 (C 24 H 46 N0 n + 

Na) * ; 
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1 H — NMR (2 7 0MHz, CD 3 OD) : 5 5.16 (d, /1.6Hz, H-l 
a) % 4.89 (s.H-1/3) % 4.58 (d, /8.3Hz, H-l') > 4. 47 (d, J 7. 6Hz, H- 
1"), (dd, H-2) ; 

:3 C-NMR (2 7 0MHz, D 2 0) : 24. 9 (NHCOCHj) . 58.0 (C-2'K 
5 63.2 (C-6'h 62.8 (C-6o), 62.8 (C-6 jS ) , 63.8 (C-6"h 71.4 (C-4"h 7 
1.8 (C-2ah 73.0 (C-3o), 73.5 (C~5o), 73.5 (C-2 & ) , 73.8 (C-2"h 
74.6 (C-3 0K 74.9 (C-3"h 75.3 (C-3*), 77.5 (C-5 0 ) , 77.6 (C-5") , 7 
8.2 (C-5'). 79.8 (C-4 0), 80.3 (C-4 a K 81.1 (C-4'K 96.4 (C-l 0 ) > 96. 
5 (C-l a), 104.2 (C-l'h 105.7 (C-l"), 177. 6 (NHCOCH 3 ) 0 
10 W±«fc9. i^ifiK T ©il^ (VI) T-^ $ il 5 ^ > 7 v.^N - 7 1 f ;v 




T, 7^ h — x^LU'N-Tir^/^7 .7 hi*- 5 >g^^T/i-=2— /Mfek^S^ 

20 (H5&^!J 9 ) 

1 OOmg./ml og£iff?£^ 5 . 6 m 1 ill g CO N — T ir 7 Ft ? 
> (LacNAc) , 4. 2 m 1 <D>7 V ± n — /K 1. 4ml©Ki-^ 
^JCt »;'o'7AtpH^7. OUPSU 4 0 °Ct 4 8 B#«|£j££ 

25 Rfc&ZT- V >mM^mL. LacNAc^4L/:f, 

mJtHc0^cD>fH]C^^^ffiVVcvHti^^7^ U 5X50 cm) Jen— KL 
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X . mm 5 m 1 /-^X^m^U^ £i*rfc e gMi£8t > L"C, * ? .' - 
f'W&L (V —T?'? K 0-*2 0%; 6L! £/SW- 0 5 0ml/7 

7^->a ^-C-^®*rfTi\ SJ££j&4£/£r77 = 7 — 'V-ii£i:=l: (4 
8 5 n m ) Xtktii Lfc e ^ 7 ^ > a >N o . 1 1 5-125!: EjeHHX L , '<Mxs 
5 ftjftLTg^lSlftT&olSfft^l Omg^t. *D D D ©Mtli T L C, 

'&btltz$Lm®)<D— «*FAB/MASi:t, i*^ ! H-NMR, !3 C 
-NMRllt-MLfco ;fgm^WT(C^i- 0 

FAB/MAS : (m/z)=458 (C 17 H 3] N0 13 + H) \ (m/z)=607 (C ;7 H 31 N0 13 + 
10 Triethanolamine) * ; 

1 H-NMR (2 7 0MHz, D 2 0) : 6 4.55 (c, /7.3Hz, H-l) , 4.47 
(d, /6.8Hz, H-l') , 2.04 (s,C0CH 3 ) ; 
13 C-NMR (2 7 0MHz. D 2 O) : 5 25. 0 (NHC0CH 3 ) , 57.9 (C- 
2) , 62.9 (C-6h 63.9 (C-6'K 65.2 (C-yh 71.4 (C-4'K 73.1 (Oj3K 
15 73.5 (C-aK 73.8 (C-2'h 75.2 (C-3'h 75.4 (C-3h 77.6 (C-5'K 78.2 
(C-5K 81.3 fC-4). 104.2 (C-1k 105.7 (Ol'K 177. 6(NHC0CH 3 ) o 

^±i«.i, ^5feiatt£iTOfll3i^a)t?^$tb5, 0-/3-D-Galactopyranos 
yl- (1-+4) -0- /3 -D-2-Acetylamino-2-deoxyl-Glucopyranosyl- (1-»1)-Glycer 




(I) 



NHCOC^M 



25 w^tLfifb^it, ^^^nfzfb^^it, A' 7 n-7>N-7t 
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/ V CD $g £ Id *5 V n T £ 5 « T- *> 5 c 
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if * <d m. m 

5 LacA-X + Y ^ LacA~Y t X 

* (h) , mm, n.^mm. -suzn? ykt/^-zp 

14tK^S* fete? ^ ./ -jv&Tkmm&^ZIk&M&^ix^tLm-te ) 

15 

25 6. HufE/3-i, 4 -?*^^^ffi£&tyw-fz>fe&$:m-tz>mm7!)K 3L*y 
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7. J^TO^itst (I) T^itio> ^"y -fe y yUN-Tir^^ * MJ- 5 = 
K (0- j3 -D-Galactopyranosyl- (l-»4) -0- j8 -D-2-Acetylanino-2-deoxyl-Glu 
copyranosyl- (!—»!) -Glycerin) 0 




(I) 



N H c o cy-f 
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BACKGROUN D OF THE INVENT ION 
1) Field of the Invention 

5 This invention relates to a novel heat-resistant £-galactosyltransferase, its production process and its 

use. More specifically, this invention is concerned with a novel £-galactosyltransferase produced by a 
microorganism belonging to the family of Actinomycetaceae -such as a microorganism belonging to the 
genus Saccharopolyspora - and having high heat stability, its production process and its use. 

w 2) Description of the Related Art 

Modification of a saccharide or glycoside by glycosylation is known to make it possible to impart new 
physiological activities or physical properties to the first-mentioned saccharide or glycoside (hereinafter 
simply called a "saccharide"). For example, such modification is known to enhance sweetness, to reduce or 
75 eliminate bitterness, to increase the water solubility of glycosides having low solubility in water (illustrative 
examples are found among active ingredients of Chinese herbal remedies and like ingredients), and or to 
improve in vivo stability and intestinal absorption. 

A function imparted as a result of glycosylation and its degree vary depending on the type of the 
glycosyi donor and also the nature of the saccharide so modified. There have however been many reports 
20 in which preferable results are obtained for the above-mentioned objects by modifying saccharides with 
galactosyl groups. Based on such reports, a variety of function oligosaccharides and function glycosides 
have been increasingly developed. 

For example, among oligosaccharides or saccharide-modified glycosides represented by the following 
formula: 

25 

Gal-(Gal) m -X 

in which Gal means a galactosyl group, X denotes a saccharide or glycoside and m stands for an integer, 
oligosaccharides (galactooligosaccharides) in which X is a glucosyl group (Glu) and m is an integer of 0-4 

30 are known as proliferation promoting substances for Bifidobacterium bifidum, a benign intestinal bacterium 
(Japanese Patent Application Laid-Open "Kokai" No. SHO 55-104885). In addition, they are found to have a 
wide range of utility as food materials for their excellent sweetness intensity and quality, low cariogenecity, 
low calorific nature, high processing stability, good moisture retaining property, high water-activity lowering 
ability, good colorability, etc. 

35 Further, galactosyiation of sucrose provides galactosylsucrose of the above formula in which X is 

sucrose and m is 0 (Japanese Patent Application Laid-Open "Kokai" No. SHO 64-85090) whereas 
galactosyiation of lactulose yields galactosyllactulose of the above formula in which X is lactulose and m is 
0 (Japanese Patent Application Laid-Open "Kokai" No. SHO 63-94987). These modified saccharides are 
also found to have new functions as galactooiigosaccharide has. In addition, as to the sweet glycoside 

40 rubsoside, improvements to its sweetness intensity and quality have been achieved by galactosyiation 
[Argic. Biol. Chem. 53, 2923-2928 (1989)]. 

As has been described above, the transgatactosylation reaction by £-gaiactosidase is utilized to add 
one or more galactosyl groups or oligogalactosyl groups so that a galactosyiated product can be produced 
This reaction has its basis on the fact that some tf-galactosidases catalyze the £-D-transgaIactosylation 

45 reaction to a saccharide (or a saccharide moiety of a glycoside) in the presence of £-galactopyranoside at a 
high concentration. 

The levels of the ability of enzymes to transfer a ^-galactosyl group vary widely depending on their 
sources. To make the reaction proceed efficiently, it has been necessary to use a £-galactosidase having 
high transgalactosyfation activity. 

50 Exemplary conventional £-galactosidases include the enzyme derived from the mold fungus, Aspergil- 

lus oryzae (Japanese Patent Publication "Kokoku" No. SHO 55-104885), and the enzymes derived from the 
bacteria, Bacillus circulans (Japanese Patent Publication "Kokoku" No. SHO 62-209780) and Streptococ- 
cus thermophilus [Food Chem. 10, 195-204 (1983)]. Galactooiigosaccharide is actually produced by 
causing these enzymes to act on lactose. Further, examples of yeast cells having £-galactosidase activities 

55 include Lipomyces, Rhodotrula, Sirobasidium, Sterigumatomyces (Journal of the Agricultural Chemical 
Society of Japan, 63(3). 629 (1989)], Sporoboromyces (Japanese Patent Publication "Kokai" No. SHO 62- 
208293), Cryptococcus (Japanese Patent Publication "Kokai" Nos. SHO 60-251896, SHO 62-130695 and 
SHO 61-236790), and Kfuyveromyces (Japanese Patent Publication "Kokai" No. SHO 61-271999). Produc- 
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tion of galactooligosaccharide making use of these yeast cells is also attempted. 

Generally, as a donor of £-D-galactosyf groups, use of lactose is most advantageous from the industrial 
viewpoint. Lactose is contained abundantly in cow milk and is also produced as a dairy waste abundantly in 
a large volume outside Japan, so that its price is lowest as a raw material. Incidentally, based on the fact 

5 that the production of lactose-hydrolyzed milk making use of a £-ga!actosidase has already been practiced 
[Food Chemical, 7, 38-44 (1986)], a production process of processed galactooligosaccharide-containing 
milk, said process making use of a ^-galactose having high transfer activity, has been reported recently 
(Japanese Patent Application Laid-Open "Kokai" No. HEI 1-168234). 

In general, a glycosyl transfer reaction proceeds faster and more efficiency as the concentration of a 

70 galactosyl donor ("lactose" in the present specification) becomes higher. For this reason, it is desirous to 
makes the concentration of lactose higher in the reaction mixture. However, a lactose solution of high 
concentration has high viscosity and tends to permit easy precipitation of crystals at room temperature, 
leading to the problem that its handling is difficult during the production steps. 

It has hence been required to raise the temperature of the reaction system (for example, to 60 C or 

75 higher) so that precipitation of lactose can be suppressed and the viscosity can be lowered. It is 
advantageous from the standpoint of cost to increase the amount of the reactant (lactose or the like) to be 
charged per unit volume by increasing its solubility. Further, a chemical reaction proceeds faster as the 
temperature becomes higher. It is accordingly possible to increase the velocity of the enzyme reaction and 
hence to shorten the reaction time by raising the temperature of the reaction system. In addition, a higher 

?o reaction temperature makes saprophytes difficult to grow. Furthermore, it is also expected that bacteriostatic 
action takes place by the high osmotic pressure of the resulting high-concentration saccharide solution, said 
pressure having been achieved by the high temperature, and contributes to the prevention of saprophytic 
contamination during the production steps. 

Although the transgalactosylation reaction at high temperatures has many advantages as has been 

25 described, the enzyme is required to have high heat stability in order to conduct the reaction at such a high 
temperature. Moreover, to advantageously use the above reaction in the industry, it is required to 
immobilize the enzyme and to make the reaction steps automatic and continuous so that the addition 
product can be mass produced and its production cost can be lowered. 

A £-ga!actosidase can be stabilized by lactose of high concentration in general. Still higher heat 

30 resistance is however required to immobilize the enzyme and to use it repeatedly at high temperatures over 
a long period of time. The enzymes derived from the mold fungus, Aspergillus oryzae, the enzymes 
derived from the bacteria, Bacillus circuians and Streptococcus thermophilus, and yeast cells having &- 
galactosidase activities such as Lipomyces, Rhodotrula, Sirobasidium, Sporoboromyces, Cryptococcus 
and Kluyveromyces are not sufficiently high in heat stability. Their repeated use at high temperatures is 

35 therefore not suitable. 

On the other hand, as a /S-galactosidase having high heat stability and capable of withstanding repeated 
use at high temperatures, the enzyme of Paecilomyces varioti [Appl. Microbiol. Biotechnol., 27, 383-388 
(1988)] is known. The optimal reaction pH of this enzyme is however 3.5, so that it is unsuitable for 
production steps in which lactose contained in cow milk (pH: approx. 7) is utilized. 

■to 

SUMMARY OF THE INVENTION 

There has hence been a demand for the provision of an enzyme suitable for an actual high-temperature 
enzyme reaction. 

45 The present inventors have searched for enzymes in the nature, which have high £-D-galactosyi group 
transferring ability and high heat stability and can act in an neutral range. As a result, it has been found that 
ceil strains belonging to the family of Actinomycetaceae, especially, those belonging to the genus 
Saccharopolyspora, the genus Thermomonospora or the genus Thermoactinomyces include those 
producing a /S-galactosyltransferase which conforms with the above objects. 

50 It has also been found that a heat-resistant £-galactosyltransferase can be used for the production of an 

oligosaccharide or saccharide-modified glycoside, which is represented by the following formula (I): 

Gal-(Gal) n -X (I) 

55 wherein Gal means a galactosyl group, X denotes a saccharide or glycoside and n stands for an integer of 
0-4, by subjecting one of these cell strains to liquid culture or solid culture to have the strain produce the 
heat-resistant 0-galactosyltransferase and, if necessary, refining and purifying or immobilizing the same. 
The present invention therefore provides a novel heat-resistant >S-galactosyltransferase, a production 
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process of the enzyme and a utilization method of the enzyme. 



BRIEF DESCRIPTION OF THE DRAWING 



5 



FIG. 1 is a diagram showing effects of manganese and zinc ions to heat stability. 



DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 



The heat-resistant £-galactosyitransferase according to the present invention can be obtained from a 
w culture of a microorganism belonging to the family of Actinomycetaceae, especially, a cell strain belonging 
to the genus Saccharopolyspora, the genus Thermomonospora, the genus Thermoactinomyces or the 
like. 

The present inventors, as described above, searched for 0-gaiactosyltransferase-producing microorgan- 
isms in nature, which have high heat stability and can act in the neutral pH range. As a result, it was found 
15 that the strains belonging to the above family include those producing a heat-resistant £-glactosy(trans- 
ferase. Of these, an actinomycete strain, SAM 1400, isolated from pastureland soil in Ishikawa-ken, Japan 
and belonging to the genus Saccharopolyspora produces the intended heat-resistant tf-galactosyltrans- 
ferase in a particularly large amount. 

Taking the actinomycete strain, SAM 1400 as a typical example of /3-galactosyltransferase-producing 
20 fungi useful in the practice of the present invention, its taxonomical characteristics will hereinafter be 
described. 

(1) Morphological appearance: 

25 SAM 1400 strain forms substrate mycelia and aerial myceiia, whose diameters range from 0.4 to 0.8 

fim. Substrate mycelia are branched, and rarely separate. Aerial mycelia are branched and form 3-7 and, in 
some rare occasions, 10 or more long linear spore chains at tips thereof. Even when no aerial mycelia are 
formed, 2-6 spore chains are formed at substrate mycelia, inside an agar medium, on a surface of the agar 
medium, and from the surface of the agar medium into the air. Their sizes are 0.8-1.0 in diameter, and 

30 their surfaces are smooth. Structural elements such as sporangia, mycerial cord or sclerotia were not 
observed even after cultured for 14 days. 

(2) Cultural characterization (cultured at 55° C for 14 days): 
35 Sucrose-nitrate agar medium: 



Growth: 


Poor. 


Aerial mycelia: 


Not formed. 


Reverse color: 


Grayish yellow. 


Soluble pigment: 


None. 


Glucose-asparagine 


agar medium: 


Growth: 


Poor. 


Aerial myceiia: 


Not formed. 


Reverse color: 


Grayish yellow. 


Soluble pigment: 


None. 


Glycerin-asparagine 


agar medium: 


Growth: 


Abundant. 


Aerial mycelia: 


Not formed. 


Reverse color: 


Pale yellow. 


Soluble pigment: 


None. 


Starch-inorganic salts medium: 


Growth: 


Poor. 


Aerial mycelia: 


Not formed. 


Reverse color: 


Yellow. 


Soluble pigment: 


None. 


Tyrosine-agar medium: 


Growth: 


Abundant. 


Aerial mycelia: 


Not formed. 


Reverse color: 


Grayish yellow. 
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Soluble pigment: 


None. 


Nutrient agar medium: 




Growth: 


Abundant. 


Aerial mycelia: 


Slightly formed. 


Reverse color: 


Yellow. 


Soluble pigment: 


None. 


Yeast extract-malt extract agar medium: 


Growth: 


Abundant. 


Aerial mycelia: 


Poor, white. 


Reverse color: 


Yellowish brown 


Soluble pigment: 


None. 


Oat meal agar medium: 




Growth: 


Abundant. 


Aerial mycelia: 


Not formed. 


Reverse color: 


Yellow. 


Soluble pigment: 


None. 


NaCI-agar medium 




Growth: 


Abundant. 


Aerial mycelia: 


Abundant, white 


Reverse color: 


Yellow. 


Soluble pigment: 


None. 



(3) Physiological characterization: 



i) Growth temperature range: 

Growth was observed at 50° C, 55° C and 65° C on nutrient agar medium containing 1% of glucose and 
also at 30° C and 37° C on tripticase soy broth (BBL) + 2% agar medium. The optima! growth 
temperature therefore appeared to be 50-55° C. 

ii) Liquefaction of gelatin (55° C): 

Growth was not observed on any one of the media used for the gelatin liquefaction test, 
iii) 

Hydrolysis of starch: Negative. 

iv) 

Coagulation of skim milk: Negative. 

v) 

Peptonization of skim milk: Negative. 

vi) 

Formation of melanin-like pigment: 

Peptone-yeast extract-iron agar medium: Negative *. 

vii) 

Tyrosine agar medium: Negative. 
Tripton-yeast extract agar medium: Negative. 
Reduction of nitrates: Positive, 
viii) 

10% NaCI resistance: Positive. 

ix) 

Decomposition of guanine: Positive. 

x) 

Decomposition of elastin: Negative. 

>«) 

Decomposition of xanthine: Positive. 

>ii) 

Decomposition of hypoxanthine: Positive. 



* Tripticase soy broth (BBL) containing 10% NaCI + 2% agar medium. 



* Settling of a pale brown pigment was observed in the bottom of the medium. 
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xiii) Assimilation of 
D-Glucose 
D-Xyiose 
Lactose 
L-Rhamnose 
L-Arabinose 
D-Fructose 
Raffinose 
D-Mannitol 
Inositol 
Sucrose 



carbon sources (cultured at 55* C for 17 days on Pridham-Gottlieb agar medium): 



+ 



+ 



5 



+ 



10 



wherein + : assimilable, ±: assimilation is doubtful, -: not assimilable. 
(4) Chemolaxonomic properties: 

15 

a) 2,6-Diaminopimelic acid: 

Whole cells were investigated in accordance with the method proposed by Staneck, J.L and Roberts, 
G.D. in Applied Microbiology, 28, 226 (1974). As a result, the existence of meso-2,6-diaminopimellic acid 
was confirmed. 
20 b) Sugars: 

The existence of araminose and galactose was observed in a hydrolysate of whole cells, 
c) Quinones; 

Contained MK-9(H4) as a principal component. Also contained were MK-9(H6), MK-9(H8), MK-10(H4), 
MK-10(H6), MK-10(H8) and MK-10(H10). 
25 d) Phospholipid type: 

Phosphatidylcholine and phosphatidylglycerol are present. This means that the phospholipid type is P-lil 
type as proposed by Lechevalier, M.P. and Lechevalier, H.A. (compiled Dietz, A. and Thayer, D.W.) in 
Actinomycete Taxonomy, 227-291 (1980). 
e) Mycolic acid: 
30 No mycolic acid is contained within the cells. 

From these results, cell wails of SAM 1400 strain is found to be of IV-A type which contains meso-2,6- 
diaminopimelfic acid, galactose and arabinose. 

As morphological characteristics, SAM 1400 strain forms aerial mycelia, and branched, smooth and 
spherical spores are adhered on chains. Spore chains are short. There are 3-7 spore chains usually, but 10 
35 or more spore chains may be observed in rare occasions. When formation of aerial mycelia was not 
observed on the other hand, formation of spore chains was observed on substrate mycelia. Each spore 
chain consisted of 2-6 smooth spherical spores located from a substrate mycelium to a tip of a short 
sporophore (this may not be observed in some instances) and extends upwardly from the surface of the 
agar medium. Quinones include MK-9(H4) as a principal component, the phospholipid type is P-lll, and no 
40 mycolic acid is contained. Decomposes guanine, hypoxanthine and xanthine but does not decompose 
elastin. Grows at 30-65* C and shows resistance to 10% NaCI. 

Based on the above mycclogica; characteristics, the taxonomic position of the strain was determined in 
accordance with Williams. S.T. (ed.), Sergey's Manual of Systematic Bacteriology, vol. 4 (1989). SAM 1400 
strain was found to be an actinomycete belonging to the genus Faenia rectivirgula. 
45 The type strain of F. rectivirgula and two strains identified as F. rectivirgula were compared with SAM 

1400 strain in cultural characteristics, physiological properties and quinones. The results are shown tn Table 
1. 
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As is shown in Table 1, SAM 1400 strain and the three strains of F. rectivirgula, including the type 
55 strain thereof, showed toxomical properties which conformed very well. 

From the foregoing, the present inventors identified SAM 1400 strain as F. rectivirgula. However, Korn- 
Wendisch et al. identified the genus Faenia as identical to the genus Saccharopolyspora by their chemical 
taxonomic properties such as the compositions of cellular fatty acids, their quinones and their phospholipid 
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typos, moved F. rectivirgula to the genus Saccharopo/yspora and proposed the new combination. 
Saccharopolyspora rectivirgula [International Journal of Systematic Bacteriology, 39. 430-441 (1989)]. 

Accordingly, the present inventors identified the present cell strain as Saccharopolyspora rectivirgula 
in accordance with the proposal by Kom-Wendisch et al. [International Journal of Systematic Bacteriology, 
5 39. 430-441 (1989)]. 

Incidentally, SAM 1400 strain has been named Saccharopolyspora rectivirgula SAM 1400 and 
deposited under FERM BP-2768 with Fermentation Research Institute, Agency of Industrial Science and 
Technology, Ministry of Industrial Trade and Industry, Government of Japan. 

Examples of novel £-galactosyltransferase-producing actinomycetes, which belong to other genera 
w respectively, include Thermoactinomyces sp. SAM 1544, Thermoactinomyces sp. SAM 1545, Ther- 
momonospora sp. SAM 1546 and Thermomonospora sp. SAM 1547. 

These actinomycetes have also been deposited under FERM BP-2769, FERM BP-2770, FERM BP- 
2771 and FERM BP-2772, respectively, with Fermentation Research Institute, Agency of Industrial Science 
and Technology, Ministry of Industrial Trade and Industry, Government of Japan. 
75 Production of the novel £-galactosyltransferase making use of one of the above actinomycetes is 
conducted by inoculating the actinomycete to a culture medium and then culturing the actinomycete in a 
manner known per se in the art. 

Culture of each cell strain can be effected by conventional liquid culture or solid culture such as 
aerated-stirring culture, shake culture or standing culture. 
20 The culture medium contains lactose, glucose, sucrose and or starch as carbon sources, peptone, yeast 

extract, urea, ammonium sulfate and/or amino acids as nitrogen sources, and potassium phosphate, 
magnesium sulfate, calcium chloride and/or the like as inorganic salts. The culture medium may also be 
added suitably with trace metals such as Mn 2 + , Zn 2 \ Ni 2+ and/or the like, vitamins such as biotin and or 
thiamine, as needed. 

25 No particular limitation is imposed on the culture temperature as long as it is within a temperature range 

that permits growth, but 50* C or so is desirable. The culture is carried out for 24-192 hours or so. 

To collect the £-galactosyltransferase of the present invention from the culture thus obtained, the 
culture is separated into a broth fraction and a cell fraction by centrifugal separation, filtration or the like. 
Known methods such as ultrafiltration, dialysis, salting-out, solvent precipitation, ion-exchange chromatog- 

30 raphy, gel chromatography, adsorption chromatography, hydrophobic chromatography and isoelectric pre- 
cipitation are applied either singly or in combination to the active fraction of the /S-galactosyltransferase, 
whereby a concentrated or purified sample of the £-galactosyltransferase can be obtained. 

Of the heat-resistant £-galactosyltransferases of the present invention isolated and purified as described 
above, the followings are enzymochemical properties of the enzyme produced by Saccharopolyspora 

35 rectivirgula SAM 1400: 



Enzymochemical properties: 
40 (1 ) Action 

Transfer reaction. 

Forms 1 mole of a £-D-galactopyranoside Gal-Y and 1 mole of X from 1 mole of another tf-D- 
gaiactopyranoside Gal-X and 1 mole of a galactosyl group receptor. Y wherein X and Y are both 
45 compounds other than water and are each a saccharide or aglycon. 
Hydrolysis: 

Forms 1 mole of X and 1 mole of galactose by hydrolyzing 1 mole of the £-D-galactopyranoside Gal-X. 
(2) pH Stability 

50 

After incubated at 55 *C for 15 minutes in 0.01 M acetate buffer (pH 3.5-6.5). 0.01 M phosphate buffer 
(pH 6.0-8.0) and 0.01 M pyrophosphate buffer (pH 8.0-9.5), the residual activities at the respective pH were 
measured. As a result, the enzyme was found stable at pH 5.0 and higher. 

55 (3) Heat stability: 

After incubated at 30-80* C for 1 hour in 0.01 M phosphate buffer (pH 7.2), the residual activities at the 
respective temperatures were measured. As a result, the enzyme was found substantially stable up to 
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60° C. In addition, the enzyme was also treated at 65° C for 24 hours in 0.01 M phosphate buffer (pH 7.2) 
which contained 1 M of lactose. The residual activity was then measured. As a result, no inactivation was 
observed. 

(4) Optimal pH: 

The optimal pH in 0.1 M phosphate buffer (pH 6.0-8.0) was 7.2. 

(5) Substrate specificity: 

Various £-galactopyranosides and their analogous compounds were hydrolyzed at the substrate 
concentration of 10 mM. The results are summarized in Table 2. 

Table 2 



Substrate (10 mM) 


Relative 
activity 


p-Nitrophenyl-/3-D-galactopyranoside 


100% 


p-Nitrophenyl-a-D-galactopyranoside 


0% 


p-Nitrophenyl-/9-D-xylopyranoside 


<i% 


p-Nitrophenyl-£-D-glucopyranosise 


<i% 


p-Nitrophenyl-£-D-f rucoside 


0% 


p-Nitrophenyl-^-D-mannoside 


0% 


Lactose 


161% 



(6) Molecular weight: 

By high performance liquid gel chromatography making use of "TSK-G3000 SW-XL Column" (mobile 
phase: 0.01 M phosphate buffer containing 0.15 M KCI, pH 7.2; flow rate: 1.0 mi/min), the molecular weight 
of the enzyme was determined from its relative elution retention times to those of various standard proteins 
produced by Oienta! Yeast Cc, Ltc. The mciecuar weight of the enzyme was 140,000 ± 20,000. 

(7) Molecular weight and structure of subunit: 

The molecular weight of the subunit of the present enzyme was determined as 140,000 ± 20,000 by 
SDS polyacrylamide gel electrophoresis. Using a Phast-Gel electrophoresis apparatus, the molecular weight 
of the subunit was determined from its relative migration distances to the various standard proteins. The 
present enzyme appears to be a monomer. 

(8) Inhibitors: 

The present enzyme was inhibited by metal ions, such as Hg 2 and Cu 2 , and ethylenediamine 
tetraacetate (see Table 3). 
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Table 3 



Compound 


Residual activity 


CdCl 2 


96% 


ZnCl 2 


122% 


CaCl 2 


87% 


BaCl 2 


96% 


NiCl 2 


59% 


MnCl 2 


103% 


CoCl 2 


97% 


FeCl 2 


87% 


CuCl 2 


28% 


EDTA 


5% 


2-Mercaptoethanol 


96% 


DTNB 


107% 


Monoiodoacetic acid 


69% 



35 (9) Activity measurement: 

Measurement of the hydrolytic activity of p-nitrophenyl-0-D-galactopyranoside was conducted by 
spectroscopicaliy determining p-nitrophenol formed by the hydrolysis of the substrate. 

Namely, 0.10 ml of an enzyme solution was added to 0.60 mt of 0.01 M phosphate buffer (pH 7.2) 

40 which contained 0.01 M of p-nitrophenyl-jS-D-galactopyranoside. Increase in absorbance at 405 nm was 
followed at 55* C. Using the molecular extinction coefficient («4os = 1.34 x 10 4 ) of p-nttrophenol at cH 7 2. 
the amount (^mo!) of p-nitrophenol so formed was determined by calculation. One enzyme unit (pNPGU) 
defined by hydrolysis of p-nitrophenyl-^-D-gaiactopyranoside is the amount of the enzyme capable of 
hydrolyzing 1 ^mol of p-nitropheny1-#-D-galactopyranoside within 1 minute. Measurement of the hydrolytic 

45 activity of lactose was conducted by spectrophotometrically and quantitatively analyzing glucose formed by 
the decomposition of the substrate. Namely, 0.10 ml of an enzyme solution was added to 0.90 ml of 0.01 
M phosphate buffer (pH 7.2) which contained 0.1 M of lactose. They were reacted at 55° C for 10 minutes, 
followed by the addition of 0.05 mt of 33% trichloroacetic acid to terminate the reaction. To 0.1 ml of the 
resulting reaction mixture, 1.0 ml of a glucose determination kit (product of Boehringer Mannheim GmbH) 

50 was added. After the mixture thus prepared was left over at room temperature for 45 minutes, the 
absorbance was measured at 660 nm. One enzyme unit (LU) defined by the hydrolysis of lactose is the 
amount of the enzyme capable of hydrolyzing 1 ^mol of lactose within 1 minute. 

The £-gaiactosyltransferase of the present invention has been found novel from the various en- 
zymological properties described above. 

55 The present invention will next be described in further detail by the following examples. 

Example 1 
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A culture medium (pH 7.2) containing 3.0 % of lactose, 1.4% of "AMINOSAN V3" (beet extract), 0.2 % 
of monosodium glutamate, 0.1% of yeast extract, 0.1% of monopotassium phosphate and 0.05% of 
magnesium sulfate was placed 100 m t by 100 mt in 500-mi Meyer flasks, followed by sterilization at 
120°C and 1 atm for 15 minutes in an autoclave. SAM 1400 strain was then inoculated to the culture 

5 medium at the rate of one inoculating loopful per flask and was subjected to aerated-stirring culture at 55 C 
for 120 hours A supernatant (2.2 I) which had been obtained by subjecting the cultured broth to 
centrifugation after completion of the culture applied to a column of SEPABEADS FP-DA13 (Mitsubishi 
Kasei Corp., 5 cm x 20 cm) equilibrated with 10 mM phosphate buffer (pH 7.2). After the column was 
washed first with the above buffer and then with the above buffer containing 0.3 M of potassium chloride, 

io the £-galactosyltransferase was eluted with the above buffer which contained 0.5 M of potassium chloride. 
Active fractions were concentrated by ultrafiltration and then dialyzed against 10 mM phosphate buffer (pH 
7.2). 

Example 2 

75 

The inner dialyzate was applied to a column of DEAE-Sepharose CL-6B (product of Pharmacia AB, 2.8 
cm x 20 cm) which had been equilibrated with 10 mM phosphate buffer (pH 7.2). After the column was 
washed first with the above buffer and then with the above buffer containing 0.2 M of potassium chloride, 
the column was subjected eluted by linear concentration gradient of from 0.2 M potassium chloride to 0.6 M 

20 potassium chloride (total volume- 400 ml) so that /3-galactosyltransferase was eluted. After active fractions 
were concentrated by ultrafiltration, the concentrate was loaded in several portions in a "TSK Gel 
G3000SW-XL" (TOSOH CORP.) which had been equilibrated with 10 mM phosphate buffer (pH 7.2) 
containing 0.15 M of potassium chloride (flow rate: 1.0 mt/min; detection: absorbance at 280 nm). Active 
fractions were concentrated by ultrafiltration and then dialyzed against 10 mM phosphate buffer (pH 7.2). 

25 Purified /3-galactosyltransferase obtained from the above had 240 pNPGU of an amount activity and 10 

pNPGU/mg of comparative activity. 

Example 3 

30 Lactose (5 g) was dissolved in 0.05 M acetate buffer (pH 6.0) to give the volume of 10 mi, to which the 

£-galactosyltransferase 10 pNPGU obtained in Example 1 was added. They were then reacted at 65 °C for 
4 hours. The reaction mixture was treated at 95° C for 5 minutes to terminate the reaction. A portion of the 
reaction mixture was diluted tenfold. By analyzing it by high-performance chromatography with a column of 
Shodex lonpack KS801 (mobile phase: water; column temperature. 70° C; flow rate: 1 mt/min; detector: 

35 differential refractometer), the saccharide composition of the reaction mixture was determined. The reaction 
mixture contained 7% of tetra- or higher saccharides, 21% of trisaccharides, 48% of disaccharides and 24% 
of monosaccharides, all by wt.% based on the whole saccharides. 

Example 4 

40 

Five grams of the enzyme immobilizing matrices M FE4612" (product of Japan Organo Co., Ltd.) were 
stirred at 50 °C for 2 hours in 4% NaOH and then washed with deionized water. The earner was suspended 
in 15 mi of 5% glutaraldehyde, followed by stirring for 1 hour. The carrier was then washed with 10 mM 
phosphate buffer, suspended in 10 mM phosphate buffer containing 1,000 U of the enzyme, and then 

45 stirred for 2 hours to immobilize the same. The matrices were washed with 10 mM of phosphate buffer, it 
was used to provide an immobilized /3-galactosyltransferase. The activity yield at the immobilization was 
87%. One gram of the immobilized /S-galactosyltransferase was suspended in 100 mi of 0.05 M acetate 
buffer (pH 6.0) which contained 60% (w/v) of lactose. The suspension was stirred at 65 °C for 24 hours, 
whereby a reaction was performed. A portion of the reaction mixture was diluted tenfold. By analyzing it by 

50 high-performance chromatography with a column of Shodex lonpack KS801 (mobile phase: water, column 
temperature: 70 ' C; flow rate: 1 mt/min; detector: differential refractometer), the saccharide composition of 
the reaction mixture was determined. The reaction mixture contained 3% of tetra- or higher saccharides, 
25% of trisaccharides, 58% of disaccharides and 14% of monosaccharides, all by wt.% based on the whole 
saccharides. Taking the above reaction as 1 cycle, it was repeated. Assuming that the half-life of the activity 

55 of the immobilized /3-galactosyltransferase is governed by a first-order reaction, the half-life was determined 
by calculation. The half-life of the activity of the immobilized £-gaiactosyltransferase was determined to be 
at least 300 cycles. 
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Example 5 

Four cell strains, i.e., Thermomonospora sp. SAM 1546, Thermomonospora sp. SAM 1547, Ther- 
moactinomyces sp. SAM 1544 and Thermoactinomyces sp. SAM 1545 were separately subjected to 
shaking culture at 55 C for 4 days in 500-mt flasks each of which contained 100 m I of a culture medium 
(pH 7.2) containing 3% of lactose, 0.2% of peptone, 0.02% of yeast extract, 0.2% of KH 2 PO«, 0.3% of NaCI 
and 0.01% of MgSOi'H^O, whereby £-ga!ctosyltransferase samples were obtained, respectively. 

The thus-obtained £-ga!actosyltransferase samples had the properties shown in Table 4. 
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55 Example 6 

The lactase ("Lactase Y-AO", trade name; product of YAKULT HONSHA CO., LTD.) derived from 
Aspergillus oryzae, the lactase ("Bioiacta", trade mark; product of Daiwa Kasei K. K.) derived from Bacillus 
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circulans and the /S-galactosyltransferase of the present invention were separately dissolved in 0.01 M 
phosphate buffer (pH 7.0) to prepare 0.1 mg/mt enzyme solutions. After the respective enzyme solution 
were incubated at 60 *C for 1 hour, they were immediately ice-cooled. The residual activities of the 
respective enzymes were then measured in accordance with the optimal conditions described on their use 
5 instructions. As a result, the residual activities of the lactase derived from Aspergillus oryzae, the lactase 
derived from Bacillus circulans and the ^-galactosyltransferase of the present invention were 1%, 1% and 
96%, respectively. 

Example 7 

70 

£-Galactosyitransferases which had been obtained from cultures of Thermomonospora sp. SAM 1546, 
Thermomonospora sp. SAM 1547, Thermoactinomyces sp. SAM 1544 and Thermoactinomyces sp. SAM 
1545, respectively, were separately added in an amount of 1 pNPGU to portions of a solution of 0.5 g of 
lactose in 0.05 M acetate buffer (pH 6) to give final volumes of 1.0 ml. They were separately reacted at 
75 65* C for 8 hours. 

The reaction mixtures were treated at 95 *C for 5 minutes to terminate the reactions. Portions of the 
reaction mixtures were diluted tenfold and were then analyzed by high-performance chromatography with a 
column of Shodex lonpack KS-801 (mobile phase: water; column temperature: 70* C; flow rate: 1 ml mm; 
detector: differential refractometer), so that the saccharide compositions of the reaction mixtures were 
20 determined. 

As a result, irrespective of the source for the ^-galactosyltransferase used, the resultant reaction 
mixture contained 3-7% of tetra- or higher saccharides, 18-21% of trisaccharides, 48-52% of disaccharides 
and 21-26% of disaccharides, all wt.% based on the whole saccharides. 

25 Example 8 

Production of lactose-decomposed milk containing galactooltgosaccharide by the use of £-galactosyltrans- 
ferase of Saccharopolyspora rectivirgula: 

30 Cow milk (lactose content: 4.8%, nonfat milk solids content: 8.3%) was heated to 60 * C, to which £- 

galactosyltransferase obtained from Saccharopolyspora rectivirgula was added in an amount of 16-24 LU 
per gram of lactose. They were reacted for 4-7 hours. Then, by high-performance liquid chromatography 
with a column of Shodex lonpack KS801 (mobile phase: water: column temperature: 70 'C; flow rate: 1.0 
mt-min; detector: differential refractometer), the saccharide composition of the cow milk after the above 

35 treatment was analyzed. The results are shown in Table 5. Incidentally, the lactose hydrolyzing activity of 
the galactosyltransferase remained substantially 100% even after the above reaction. 



40 



45 



50 



55 



16 



EP 0 456 986 A1 



w 



20 



35 



50 

























o 










.p 








0) 


Q 








cs 
F5 


fd 


















| i 


1 ^ 






• 












c 




rH 


<N 




o 










•H 




















o 










t/5 fd 




























O >H 












Q) 








4J ^ 


W 








•H TJ 


o 








TJ <P 


-p 








C T3 


o 








O 


fd Jh 


o\° 






U fd 






CO 


o 




I 












o 


n 






\ 


rH 


CM 














e ^ 


3 


















rd Q) 






























H O 












T3 










<D 










■P 










rd 


o\<> 






o 


0) 


O 


o 


o 




^ 










-P 


o 


o 


O 








o 










rH 








H 










0) 






























-H 










x; 










O T3 




















w rd 










0) 




w 










<u 






■t-H Q) 


lA 


xs 






>H T3 


0) 


•H 






rd -h 


TJ 








XJ M 


•rH 


td 






o rd 




x: 






O X! 


fd 


o 






<d u 


x: 


o 






w o 


0 


rd 






o (d 


o 


w 








fd 


o 






•H -H 


(A 


c 






rH M 


•H 


o 






O 4J 


D 


a 
















C 




^ 






Q) 0 










TJ *H 




n 






*H -P 


'd Q) 






r4 *H 








<d ui 


W 


o fd 






x: o 


fd XJ xl 






u a 


XJ 


* o 






U B 




o 






rd O 


<*> 


c fd 






CO O 


' — 


0 w 



Example 9 

55 

The stability of the £-galactosyltransferase obtained from Saccharopolyspora rectivirgula in cow milk 
in the production of lactose-decomposed milk containing galactooiigosaccharide was investigated in further 
detail. 



17 



EP 0 456 986 Al 



Portions of cow milk (lactose content: 4.8%, non-fat milk solids content: 8.3%) were heated to 60* C. 
65* C and 70 " C, respectively, to which the tf-galactosyltransferase of Saccharopolyspora rectivirgula was 
added in an amount of 24 pNPGU per mt of the cow milk to initiate a reaction. To determine the residual 
activity of the enzyme in the reaction, portions (0.02 ml) of the reaction mixtures were sampled 1, 2. 4 and 
5 8 hours after the initiation of the reaction and were added to 1.0 mt-portions of cow milk. They were 
reacted at 60* C for 1 hour, during which the rates of decrement of lactose in the portions of cow milk were 
measured, respectively. For the same of comparison, a similar experiment was also conducted with respect 
to the 0-galactosidase ("Biolacta", trade mark; product of Daiwa Kasei K.K.) of Bacillus circulans The 
results are summarized in Table 6. 

10 

Table 6 
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Treatment 


Treatment 


Residual activity of enzyme 




temp. (°C) 


time (hr) 


5. rectivirgula 


B . circulans 






0 


100 


100 


20 




1 


100 


77 




60 


2 


100 


79 






4 


100 


76 


25 




8 


100 


71 






0 


100 


100 






1 


100 


39 


30 


65 


2 


100 


15 






4 


100 


0 






8 


100 


0 


35 




0 


100 


100 






1 


90 


3 




70 


2 


80 


0 


40 




4 

8 


60 
11 


0 
0 



45 Example 10 

Portions of the heat-resistant £-gaiactosyltransferase were dialyzed overnight at 4°C against buffers A 
and B, respectively. After a further portion of the heat-resistant £-galactosyltransferase was incubated at 
4*C for 1 hour in the presence of ethylenediamine tetraacetate (EDTA; final concentration: 1 mM), the 
so resultant mixture was dialyzed overnight at 4° C against buffer C. 

The respective inner dialyzates were separately heated at 60 "C for 5, 10, 30, 60, 120 and 240 minutes 
At the end of each heat treatment time, the thus-treated inner dialyzates were sampled in a predetermined 
amount and immediately ice-cooled. Using p-nitrophenyl-tf-D-galactopyranoside as a substrate, the residual 
activities of the enzyme were measured by the method described above under "Enzymochemical prop- 
55 erties (9)". 

Incidentally, buffer C is 0.01 M phosphate buffer (pH 7.2), while buffers A and B are the same as buffer 
C except for the inclusion of 20 of MnCb and 20 of ZnCI-. respectively. 
The results so obtained are diagrammatically shown in FIG. 1. 
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1. A novel £-galactosyltransferase having the following physicochemical properties: 

(1 ) Action 
Transfer reaction: 

Forms 1 mole of a /3-D-galactopyranoside Gal-Y and 1 mole of X from 1 mole of another 0-D- 
galactopyranoside Gal-X and 1 mole of a galactosyl group receptor, Y wherein X and Y are both 
compounds other than water and are each a saccharide or aglycon. 
Hydrolysis: 

Forms 1 mole of X and 1 mole of galactose by hydrolyzing 1 mole of the £-D-galactopyranoside 
Gal-X. 

(2) Substrate specificity 

Hydrolyzes lactose and p-nitrophenyl-£-D-galactopyranoside but does not hydrolyze p-nitrophenyi-a- 
D-galactopyranoside. 

(3) Optimal pH 
5.0-8.0 

(4) pH Stability 

Stable at pH 5-8 (both inclusive) when treated at 55° C for 15 minutes. 

(5) Heat stability 

Retains at least 80% of its initial activity even after incubated at 60 °C for 1 hour in 0.01 M 
phosphate buffer (pH 7.2) or at least 80% of its initial activity even after incubated at 65° C for 24 
hours in the same buffer containing at least 1 M of lactose. 

2. The novel /3-galactosyltransferase of claim 1, produced by a microorganism belonging to the family of 
Ac tin omyce taceae. 

3. The novel /3-galactosyltransferase of claim 2, wherein the microorganism belonging to the family of 
Actinomycetaceae is selected from fungi belonging to the genus Saccharopolyspora, the genus 
Thermomonospora or the genus Thermoactinomyces. 

4. A process for the production of a novel /3-galactosyltransferase, which comprises culturing a microor- 
ganism belonging to the family of Actinomycetaceae and capable of producing the novel /3- 
galactosyltransferase according to claim 1 and isolating and collecting the /3-gaiactosyltransferase from 
the resultant culture. 

5. The process of claim 4, wherein the micro-organism belonging to the family of Actinomycetaceae and 
capable of producing the novel /S-galactosyltransferase is a microorganism belonging to the genus 
Saccharopolyspora, the genus Thermomonospora or the genus Thermoactinomyces. 

6. A process for the production of an oligosaccharide or a saccharide-modified glycoside represented by 
the following forTvjIa (f): 

Gal-(Gal) n -X (I) 

wherein Gal means a galactosyl group, X denotes a saccharide or glycoside and n stands for an integer 
of 0-4, which comprises using the novel /3-galactosyltransferase according to claim 1. 

7. A process for the production of processed galactooligosaccharide-containing milk, which comprises 
causing the /3-galactosyltransferase to act on mammal's milk, whereby lactose in the mannal's milk is at 
least partly converted to a galactooligosaccharide represented by the following formula: 

Gal-(Gal) n -Glc (II) 

wherein Ga! means a galactosyl group, Glc denotes a glucosyl group and n stands for an integer of 1-4. 
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(54) Procede pour la fabrication d'un produit de transfer! de galactose. 
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N 



(57) Selon I'invention on fait reagir sur le lactose ou un 
donneur de galactose tel que o-nitroDhenvl ^-D-gaiactopyran- 
noside, etc. et un recepteur de galactose tei qu'un sucre. un 
alcool des sucres, jn nucleoside, un alcool et leurs derives etc 
jr mtcro-organtsme caoaoie de produire a pamr du iactose ou 
d'un donneur de galactose tel que o-nitrophenvi -^ D galactopy- 
rannoside etc. et d un recepteur de galactose tel qu'un sucre. 
un alcool des sucres. un nucleoside, un alcool et leurs derives 
etc., un produit de transfert de galactose represents par la 
formule generale : 

(Gal) n -R 

dans laquelle Gal represente un reste de galactose, n repre- 
sente un entier de 1 M et R represente un reste de sucre, 
d alcool des sucres. de nucleoside, d'alcool et leurs derives, et 
on recueille le produit de transfert de galactose produit. 
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La presente .overt, on concer.ne un procede pour la 
' a0rKa: " n d ' un produit ^ transfert de galactose qui cons.ste a 
fa, re ag.r sur le Lactose ou un donneur de galactose tel que 
o-rntroph«nyl-p-D-fl.l,ctopyr.nno Sl de, etc. et un recepteur de 
galactose tel qu'un sucre, un alcool des sucres, un nucleoside, un 
alcool et leurs derives etc. un micre-organi... capable de produire 
a part.r du lactose ou d'un donneur de galactose tel que o- 
n^trophenyl-p-o-galactopyrannoside etc. et d'un recepteur de 
galactose tel qu'un sucre, un alcool des sucres, un nucleos.de, un 
alcool et leurs derives etc., un produit de transfert de galactose 
represents par la formule generale : 



(Gal) -R 
n 



dans laquelle Gal represente un reste de galactose, n represente un 
entier de 1 a A et R represente un reste de sucre, d'alcool des 
sucres, de nucleps.de, d'alcool et leurs oer.ves, et a recue.llir 
le produit de transfert de galactose produit. 

CeS derni * r " annees, on s'est .nteresse a des composes 
Zw contenant un reste de galactose, speciale.ent des produits de 
transfert sur des sucres (spec ia lement le lactose), co mme facteurs 
pour la proliferation des bi f i dobac t e r i es (BIFIDUS, vol 2, n° 2 
1989). En outre, on observe une mod i f i cat i on des proprietes' 
„ PnySiQUeS telLes "«'«ne SPlubilite accrue etc., dans les produits 
de transfert sur les alcools des sucres, les nucleosides, les 
alcools etc. Ces produits de transfert so.nt d'un grand .nteret D0U - 
1'utilisat^on dans L 1 app location aux medicaments etc. 

Pour la production de produits de transfert de galactose 
on connait un procede utilisant la (3-ga I ac t os i dase de E. coU qui 
cons.ste a transferer le reste de galactose sur le fructose ou la 
N-acetylglucosamine (Biotechnology Letters, 9, 243 (1987) ) et un 
procede qui cons.ste a transferer le reste de galactose sur des 
nucleosides tels cue I 'adenosine, etc. (Journal of Agricultural 
Association, Japan, 48, 605 ( 1 979) ) . Cependant, ces procedes sont 
desavantageux car i e rendement de production des oroduits de 
transfert est mauva.s. En outre, pour la production d'un produit de 
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transfer: de galactose dans lequel le donneur de galactose est le 
lactose et le recepteur de galactose est le lactose 
( ga lac tose-o I i gosacc ha r i de) , on connait un Drocede utilisant la 
£-ga lactos i dase de Asoergi 1 1 us oryzae (demande de brevet japonais 

05 examinee, publiee n° 58-20266). Cependant, le procede est d'une 
mauvaise prat i cabi I i t e car le rendement de production du 
ga la c t o-o I i go sac c ha r i de est mauvais. 

Dans les c i rconst ances qui precedent, la demanderesse a 
effectue des recherches sur les m i c ro-o rgan i smes capables de 

10 prcduire et d'accumuler un product de transf ert de galactose a 
oartir de galactose ou de donneur de galactose tel que o- 
ni t ropheny l-3-D-ga tactccy rannos i de, etc. et d'un recepteur de 
galactose tel qu 1 un sucre, un alcool des sucres, un nucleoside, 
un alcool et leurs derives, etc. avec un rendement eleve et une 

15 vitesse d ' a c c umu I a t i on elevee. En consequence, on a trouve qu'un 
mi cro-organi sme appartenant au genre R hodot o ru I a , S t e r i gmatomyces , 
Cryotococcus , Geot r i c hum , Api ot r i chum , Corynebact e ri urn . Bacillus, 
F lavobaterium , R h i zob i urn ou Sirobasidium pouvait produi re des 
produits de transfert de galactose a partir du lactose ou d'un 

20 conneur de galactose tel que o-ni t ropheny l-£-D-ga lactopy ranos i de, 
etc. et d'un recepteur de galactose tel qu'un sucre, un alcool des 
sucres, un nucleoside, un alcool et leurs derives etc. avec une 
vitesse d ' a c cumu I a t i on et un rendement extremement eleves. La 
presente invention repose done sur cette decouverte. 

25 Des exemples soecifiques des m i c ro-o rgan i smes qui peuvent 

etre utlises dans la o-ese-te irverf'cr ccmprennent Rnodotorula 
Tinuta IF0 879, S te - i gmatomyces elviae AJ 14199 (PERM BP-2586, FERM 
P-10001 ), C ryptococ cus laurent i i IF0 609, Geot ri chum amyce I i cum 
A J 14196 (FERM P-10071 ), Apiotrichum humi cola ATCC 14438, 
30 Corynebacter i urn mi ch i ganense ATT C 492, Bac i I lus megat er i urn AJ 1272 
(FERM P-3747), F I a voba t e r i urn aurantianum AJ 2462 (FERM P-10069), 
Rhi zobium me I i lot i AJ 2823 (FERM P-8197) et Si robasidium magnum 
CBS 6803. 

Pour cultiver ces m i c ro-o r gam sme s , on peut utiliser 
35 n'importe quelle source de substances nutritives, pour autant que 
ces m i c ro-o rgan i sme s puissent ordinai renent les assimiler. On peut 
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utiLiser un milieu ordinaire formule c onvenab I emen t avec, par 
exemple, des hydrates de carbone tels que glucose, saccharose 
etc. ; des alcools tels au'ethanol, glycerol, etc. ; des acides 
organiques tels qu'acide acetique, acide propionique etc. ; des 
05 sources de carbone telles qu f huile de soja etc. ou leurs 
melanges ; des sources de nutriments inorganiques ou organiques 
azotes telles qu'extrait de levure, peptone, extrait de viande, 
liqueur de trempage de mais, sulfate d'ammonium, ammoniac etc. 
des sources de nutriments inorganiques telles que phosphates, 
10 magnesium, fer, manganese, potassium etc. ; des vitamines telles 
que biotme, thiamine etc. Pour la culture, le pH est de 4,0 a 9,5 
et on met en oeuvre la culture aerobie a une temperature de 20 a 
40°C pendant 12 h a 5 jours. 

La production du produit de transfert de galactose peut 
15 etre mise en oeuvre en supplementant le milieu au stade initial de 
culture ou pendant la culture avec du lactose ou des donneurs de 
lactose tels que le o-ni t ropheny l-p-D-ga lactopy ranos i de, etc. et 
des recepteurs de galactose tels que sucres, alcools des sucres, 
nucleosides, alcools et leurs derives etc., et en cultivant le 
20 micro-organisme. Ou bien encore, le produit de transfert de 
galactose peut aussi etre produit en utilisant des mi c ro-organi smes 
au repos. 

Comme procedes utilisant des m i c rc-o rgan i smes au repos, 
on citera un procede utilisant la solution de culture telle quelle, 

25 un procede qui consiste a isoler les cellules par cent r i f ugat i on 
etc., a remettre les cellules en suspension dans un tampon au 
phosphate etc., a a:outer a la suspension le lactose ou les 
donneurs de galactose tels que o-n i t ropheny l-p-D-ga I act o pyramos i de 
etc., et les recepteurs de galactose tels que sucres, alcools des 

30 sucres, nucleosides, alcools et leurs derives etc. et en les 
faisant reagir, et ainsi de suite. Les mi c ro-organi smes peuvent 
etre des cellules viables ou bien peuvent etre soumis a des 
traitements tels que traitement par I'acetone, sechage par 
congelation etc. En outre, ces mi c ro-organi smes peuvent aussi etre 

35 immobilises sur un support ou b^en peuvent etre utilises sous forme 
cie b lo-reacteurs en utilisant une membrane ^ultrafiltration. 
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Dans La reaction pour la formation du produit de 
transfert de galactose a partir de lactose ou des donneurs de 
galactose tels cue o-n i t ropheny L - S-D-ga I act ocyanos i de etc. et des 
recepteurs de galactose tels sucres, alcools des sucres, 
nucleosides, alcools et leurs derives etc., la quantite de lactose 
ou des donneurs de galactose tels que o-ni t ropheny L-p-D-ga lacto- 
pyrannoside etc. et des recepteurs de galactose tels que sucres, 
alcools des sucres, nucleosides, alcools et leurs derives, etc. 
n'est pas part i cut ierement Li mi tee mais la quantite est dans la 
gamme de 0,5 a 70% en poids, de preference de 1 a 30% en poids, 
lorsqu'elle est calculee en lactose ; lorsqu'elle est calculee en 
o-ni t ropheny L-p-D-ga I a c t opy r annoside, elle est dans la gamme de 0,2 
a 10% en poids.de preference de 0,5 a 2% en poids ; et lorsqu ! elle 
est calculee en sue res, a I coo I s des sucres, nucleosides, alcools et 
Leurs derives, etc. elle est dans la gamme de 0,1 a 50% en poids, 
de preference de 1,0 a 30% en poids. La reaction est mise en oeuvre 
en general a une temperature de 20 a 70°C, de preference de 25 a 
65 C dans une gamme de pH de 2 a 10, de preference de 3 a 7, 
pendant 2 h a 10 jours. 

Lorsque la reaction est terminee, si necessaire, les 
cellules sont isolees de La solution de reaction. Le produit de 
transfert de galactose peut etre purifie au moyen d'une resine 
echangeuse d'ions, par filtration sur gel, par adsorption par le 
charbon actif, ou par c hroma t ographi e etc. 

La presente invention est decrite plus pa r t i cu I i e rement 
en re^ere^ce aux exemples nor Limitatifs suivants. Le dosage 
cuantitatif du lactose et du produit de transfert de galactose dans 
les exemples a ete fait en determinant la surface de pic en 
utilisant la chromatographic Liquide a haute performance (pompe : 
Model 655 fabriquee par Hitachi Ltd., detecteur : SE-51 fabrique 
par Showa Denko Co., Ltd., colonne : Shodex-S8G1 ; solvant : eau). 

Exemple 1 

Dans un ballon de 500 ml, on a charge 50 ml d 1 un milieu 
CdH 7,0) contenant 1,0 g/dl de lactose, 1,0 g/dl de glycerol, 
1,0 g/dl d'extrait de levure, 1,0 g/dl de polypeptone, 0,5 g/dl de 
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(NH A ) 2 S0 4 , 0,3 g/dl de K^PO^ 0,1 g/dL de KH pfl et Q ^ 5 g/<Jl de 
MgSO^O puis on a sterU.se a 115°C pendant 15 min. On a inocule 
chaque fois le milieu aumoyend'une boucle de platine avec 
Rh0dOt0rUla H2™± IFO 879, Sterigmatomyces e_lviae A J U199 ( FERM 
BP-2586, FERM P-1QQ 01 ) , Cr^tococcus jau^ntij IFO 609, Geotrichun, 
am/CellCUm AJ U196 CFERM P-10071), ApiotMchum humicola atcc U4 38 
et Sirobasid.um mac^ CBS 6803, qui avaient ete cultives dans un 
milieu de gelose a I'extrait de malt a 25°C pendant 2 jours et 
avec Corynebacterium michiganense ATCC 492, Bacillus megaterium AJ 
10 1272 (FERM P-3747), F L avoba t e r i um aurantianum A J 2462 (FERM 
P-10069) et Rhi^oboum wHloti AJ 2823 (FERM P-8197), qui ava.ent 
ete cultives dans un milieu de gelose au bouillon a 30°C pendant 
24 h, puis on a effectue la culture agitee a 30°C pendant 2 jours 
dans le cas de IFO 879, A J !4199 (FERM BP-2586, FERM P-10001), IFO 
15 609, AJ 14196 (FERM P-10071), ATCC 14438 et CBS 6803 et pendant 
24 h dans le cas de ATCC 492, AJ 1272 ( FERM P-3747), AJ 2462 ( FERM 
P-10069) et AJ 2823 (FERM P-8197). 

Les cellules bacteriennes ont ete remises en suspension 
dans 50 ml de solution de substrat (tampon au phosphate 50 mM, pH 
20 7,0) supplements avec 2,5 g de lactose et 5 g de chacun des sucres 
indiques dans le tableau 1 pour les faire reagir a 50°C pendant 
24 h. Les quantites de produits de transfert de galactose dans les 
solutions de reaction sont indiquees dans l e tableau 1. 
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Exemole 2 

Les cellules ont ete preparees de mam'ere semblable a 
L'exemple 1. Les cellules precarees ont ete remises en suspension 
dans 50 ml de solution de substrat (dans le tampon au phosphate 
50 mM, pH 7,0) supplemented avec 2,5 g de lactose et 5 g de chacun 
des alcools des sucres et alcools indiques dans le tableau 2 pour 
les faire reagir a 50°C pendant 24 h. Les quantites de produits de 
transfert de galactose dans les solutions de reaction sont 
indiquees dans le tableau 2. 
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Exemple 3 

Les cellules ont ete preparees de maniere semblable a 

I'exemcle 1. Les cellules preparees ont ete remises en suspension 

dans 10 ml de solution de substrat (dans le tampon au phosphate 

50 mM, pH 7,0) supplemented avec 0,5 g de lactose et 1,0 g de 

chacun des nucleosides indiques dans le tableau 3 pour les faire 
o 

reagir a 50 C pendant 24 h. Les quantites de produits de transfert 
de galactose dans Les solutions de reaction sont indiquees dans le 
tableau 3. 
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Exemple 4 

Les cellules ont ete preparees de maniere semblable a 
L'exemoLe 1. Les cellules oreoarees ont ete remises en suspension 
dans 10 ml de solution de substrat (dans le tampon au phosphate 
50 mM, pH 7,0) supplemented avec 0,15 g de o-n i t rophenyl-p-D- 
ga lac t opy rannos i de et 1,0 g de chacun des nucleosides indiques dans 
le tableau 4 pour les faire reagir a 50°C pendant 20 h. Les 
quantites de produits detrans^ert de galactose dans les solutions 
de reaction sont indiquees dans le tableau A. 
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Exemple 5 

Le cellules de Rhodotoru la mi nut a IFO 879 ont ete 
oreoarees de manure semblable a L'exemc'.e 1- Les cellules 
preparees ont ete remises en suspension dans 50 ml de solution de 
substrat (dans le tampon au phosphate 50 mM, pH 7,0) supplementee 
avec 2,5 g de lactose et 5 g d'inosine pour les faire reagir a 50°C 
pendant 48 h. Les quantites des produits de transfert de galactose 
dans la solution de reaction sont indiquees dans le tableau 5. 

Tableau 5 

Quantites de croduits de transfert de galactose a base d'inosine 

(g/dl ) 

1 reste galactose 2 restes galactose 3 restes galactose ou plus 
1,4 0,8 0,4 

ExempLe 6 

Dans un ballon de 500 ml, on a charge 50 ml d ' un milieu 
(pH 7,0) contenant 10,0 g/dl de lactose, 2,0 g/dl de glycerol, 
0,05 g/dl d'extrait de levure, 0,5 g/dl de (NhO-SO,, 0,3 g/dL de 

4 c 4 

K 2 HP0 4 , 0,1 g/dl de Kh* 2 P0 A et 0,05 g/dl de MgS0 4 , 7H 2 0, pui s on a 
sterilise a 115°C pendant 15 min. 

On a inocule le milieu chaque fois au mo yen d'une boucle 
de platine avec Rhodotorula minuta IFO 879, Steri gmatomyces elviae 
FERM P-10Q01 ou Sirobasidium magnum CBS 6803, qui avait ete cultive 
dans un milieu de gelose a L* extract de mal: a 25° 2 pendant 2 n, 
puis on a effectue la culture agitee a 30°C pendant 4 jours. Les 
quantites respectives des ga lacto-ol i gosacchari des produits dans 
les liquides surnageants respectifs dans les solutions de culture 
resultantes sont indiquees dans le tableau 6. 
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Tab l e a u 6 



05 



1.0 



Rhodotorula 

mi nut a IFO 879 

S te r j gma t omyc es 
elviae 

PERM BP-2586 
FERM P-10001 



Lactose 
res i due L 
(g/dL) 

0,8 



2,1 



Galacto-oli go saccharide produit 
Trisaccharide Tetra saccharide 
Cg/dl I ou plus (g/dl) 



4,2 



6,7 



2,6 



15 



S i roba s i di urn 
magnum CBS 6803 



1,8 



5,2 



1,9 



20 



25 



30 



35 



Exemole 7 

Dans un ballon de 500 ml on a charge 50 ml d'un milieu 
CpH 7,0) contenant 1,0 g/dl de lactose, 2,0 g/dl de glycerol, 
1,0 g/dl d'extrait de levure, 1,0 g/dl de polypeptone, 0,5 g/dl de 

(N V 2 S V °' 3 g/dl de K 2 HP V °' 1 g/dl de KH z P0 A et °' 05 9 /d ^ de 
MgS0 4 ,7H 2 0, puis on a sterilise a 1 1 5°C pendant 15 min. 

On a inocule* le milieu chaque fois au moyen d'une boucle 
de platine avec Rhodotorula minuta IFO 879, S t e rj gmatomyces elviae 
FERM P-10001 ou Sirobasidium magnum CBS 6803, qui avait et* cultive 
dans un milieu de gelose a L'extrait de malt pendant 2 jour 5/ puis 
en a effectue la culture agitee a 30°C pendant A jours. Apres la 
fin de la culture, les cellules bacteriennes ont ete recueiUies 
par centrifugation et lavees une fois avec la meme quantite de 
serum physiologique que la solution de culture pour recueillir les 
cellules. 

Les cellules ont ete remises en suspension dans 50 ml de 
solution a 22 g/dl de lactose (dans le tampon au phosphate 50 mM, 
pH 7,0) pour les faire reagir a 50°C pendant 2 jours. La 
composition en sucres de la solution de reaction est indiquee dans 
le tableau 7. 
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Tableau 7 

Lac t ose 
res i due I 
(g/dl) 

R hodot oru La 

minuta I F0 879 9,6 

Ster-i gma tomyces 
el viae 

FERM BP-2586 

FERM P-10001 10,5 9,3 0 

S i roba s i d i un 

magnum CBS 6803 11,2 3,0 0,6 

Exemple 8 

Dans un f e rment eu r de 5 L on a charge 2 I d'un milieu a 
pH 7,0 contenant 1,0 g/dl de lactose, 2,0g/dl de glycerol, 1,0 g/dl 
d'extrait de levure, 1,0 g/dl de polypeptone, 0,5 g/dl de 
(NH.^SO,, 0,3 g/dl de K HP0, , 0,1 g/dl de KH_P0. et 0,05 g/dl de 

4 £ 4 " ^ 4 £ 4 

MgS0..7H_0. On a inocule le milieu avec Rhodotorula minuta IFO 879, 
4 ^ 

Sten gma tomy ces e I vi ae FERM P-10001 et S i robas i di urn magnum CBS 
6803, respect i vement , puis on a effectue la culture aerobie a 30°C 
pendant 36 h avec agitation a 500 tr/min avec aeration a 1/2 min \ 
Chaaue solut^o^ de culture a ete cent r i *ugee pour donner les 
cellules bacteriennes qui ont ete utilisees comme source d'enzyme. 
On a ensuite effectue les etapes suivantes. 

Etape (1) : les cellules resultantes ont ete remises en 
suspension dans 2 I de solution a 36 g/dl de lactose (dans le 
tampon au phosphate 50 mM, pH 6,0) pour les faire reagir a 30°C 
avec agitation par aeration. 

Etape (2) : apres reaction pendant 3 jours, la solution 
de reaction a ete soumise a la filtration avec recyclage a travers 
une membrane d ' u I t ra f i L t r a t i on en polysulfone (fabriquee par Amicon 
Inc.) jusau'a ce que le volume de la solution exteneure soit de 



Galacto-M ■» gos a c c ha r j de produit 
Tr i sac c ha r i de Te t ra sa c c ha r i de 
Cg/dl) ou plus (g/dl) 

8,4 1,7 
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1000 ml. Ensuite, on a ajuste La quantite de solution interieure a 
2 I, La concentration de Lactose a 36 g/d L et Le pH a 6,0, 
respect ivement . Iteration de L'etaoe (?) a ete reoetee 4 fois. La 
concentration de ga L a c to-o I i gosac c ha r i de dans La solution 
exterieure dans cette operation est indiquee dans le tableau 8. 

L'ultraf Titration a ete effectuee sous une pression 

moyenne de filtration de 1 bar a une temperature de 30°C. 

Dans L'exemple suivant, la pression de filtration moyenne 

et La temperature dans I « u L t ra f i I t ra t i on etaient indiquees dans Les 

memes cond i t i ons . 

Tableau 8 



Concentr ation de galacto -oligosaccharide dans la solution 

exterieure (g/dl) 



Nume ro 

d' operation 1* re 2^ me 



,eme 



, erne 



Source d'enzyme 



Rhodotorula 
minuta IFO 879 



21,6 



22,6 



21,2 21,3 



Sterigmatomyces 
elviae 

FERM BP-2586 
FERW P-100Q1 



21,4 



21,2 



20,3 20,6 



S i roba s i d i urn 
magnum CBS 6803 



19,5 19,3 19,8 18,9 



4 



+ 



% 

2640997 
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R E VEND I C AT I ONS 



1. Procede pour la fabrication d'un produit de transfert 
05 de galactose, caracterise en ce qu'on fait agir sur le lactose ou 
un donneur de galactose tel que o-nitropheny I -0-D-ga lacto- 
pyrannoside, et un recepteur de galactose tel qu'un Sucre, un 
alcool des sucres, un nucleoside, un alcool et leurs derives, un 
m i c ro-o rgan i sme capable de produire a partir du lactose ou d'un 
10 donneur de galactose tel que o-n i t ropheny I -3-D -ga I a c t opy r annos i de 
et d'un recepteur de galactose tel qu 1 un sucre, un alcool des 
sucres, un nucleoside, un alcool et leurs derives, un produit de 
transfert de galactose represents par la formule generale : 



15 (Gal) -R 

n 

dans laquelle Gal represente un reste de galactose, n represente un 
entier de 1 a A et R represente un reste de Sucre, d'alcool des 
sucres, de nucleoside, d'alcool et leurs derives, et on recueille 
20 le produit de transfert de galactose produit. 

2. Prccece pour la fabrication d'un produit de transfert 
de galactose selon la re vendi ca t i on 1, caracterise en ce que ledit 
donneur de galactose est le lactose et ledit recepteur de galactose 
est le lactose 

25 3. Procede pour la fabrication d'un produit de transfert 

de galactose selon la revendi ca t i on 1 ou 2, caracterise en ce que 
L e d " t T'crc-crgan*sme cazaz'^e de prcouire un produit de transfert 
de galactose appartient au genre Rhodot u I a , Steri gmatomyces , 
C ryptococ cus , Geot r j c hum , Apiotr-ichum , Co r yneba c t e r i urn , Bac i I lus , 

30 F lavobat er i urn, Rhi zobi um ou S i roba s idium. 



